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Abstract
Dimethylaminopyridine (DMAP) can act to catalyze numerous organic reactions. To
increase its recovery and reuse, it has been tethered to dendrimers and to micellar systems,
creating nano-scale catalytic pockets for reactions to proceed. Previously developed systems
show diminished reactivity over time as the products of the reaction fill up the nano-scale
reactor. Thus, the goal of my research is to use RAFT polymerization methods to synthesize a
hydrophobic polymer chain bearing 4-methylaminopyridine units and to attach it to a hydrophilic
polymer chain to create a polymer system capable of micelle formation in solution. These
functionalized micelles are designed to be selectively opened and closed by changing the
temperature, thus allowing the product to be removed from the micelle and avoiding the
diminished catalytic activity that other polymer-supported catalytic systems show. A monomer
with DMAP-like activity was made by reacting 4-methylaminopyridine with 3-isopropenyl-α,αdimethylbenzyl isocyanate that could be polymerized into a hydrophobic polymer chain, and
progress towards polymerizing the functionalized monomer was made.
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Chapter 1: Introduction
1.1.

Dimethylaminopyridine (DMAP) as a Catalyst
Dimethylaminopyridine is a very useful catalyst. It catalyzes a large variety of organic

reactions such as acylation, the Baylis-Hillman reaction, the Steiglich Rearrangement, and the
Staudinger rearrangement of β-lactams, as shown in Figure 1.1 Acylation, shown below in Figure
2, is one of the more commonly DMAP catalyzed reactions.
DMAP is a readily available catalyst and is very inexpensive. There has been extensive
research on DMAP as a small molecule catalyst. DMAP does have some negative factors. It is
corrosive, very toxic, and easily absorbed by the skin. It also has limited water solubility, which
if used as is, severely limits its use in environmentally friendly green chemistry as solvent is
more expensive and harmful than running an aqueous reaction.1
Acylation:

Baylis−Hillman reaction:

Figure 1: Reactions catalyzed by DMAP.

1

Steglich rearrangement:

Staudinger synthesis of β-lactams:

Figure 1 (continued): Reactions catalyzed by DMAP.

Figure 2: Mechanism of acylation catalyzed by DMAP.1
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1.2.

Polymer-tethered DMAP
Typically, only a small amount of catalyst is needed to increase a reaction’s rate. In

catalytic reactions, the catalyst may be the most expensive portion of a reaction, so being unable
to recover a catalyst after a reaction has been completed may be catastrophic financially. DMAP
is very inexpensive, but because it has an acute toxicity, coupled with it being readily absorbed
through the skin, it is desirable to be able to collect it after a reaction has been catalyzed.1 There
has also been much recent work directed toward creating a controlled hydrophobic region to
encapsulate an entire reaction catalyzed by DMAP using polymeric systems.2-5 This allows for
both recovery and containment of the toxic catalyst and makes for greener chemistry in that the
reaction occurs in water as opposed to organic solvent that would then have to be treated or
disposed. In theory, the substrates will migrate into a hydrophobic region within a hydrophilic
medium where the catalyst acts on them. The products are then released back into the reaction
system after their transformation. Several attempts have been made to isolate DMAP after an
organic reaction has been catalyzed with varying degrees of success and will be discussed
below.2-5
In the most extreme example, a polyurethane shell was polymerized around the catalyst,
DMAP, as shown in Figure 3.2 The shell was generated from the reaction of the functional
groups of two polymers, polymethylenepolyphenylisocyanate (PMPPI) and polyvinylalcohol
(PVA) as shown in Figure 3. Isocyanates react very readily with nucleophiles. However, the
shell thickness has to be optimized because if the shell is too thick, no substrates could migrate
into the shell, and if the shell is too thin, DMAP, being a small molecule, would migrate out of
the shell. By increasing the amount of PMPPI present in the non-polar phase of the interfacial
polymerization, more and more polymer chains react together. Figure 4 represents the SEM
3

images of polyurethane shells, where the total percentage of PMPPI was 5%, 7%, 13%, and 17%
in the final shell.2 A moderate shell thickness was found to be ideal. Unbound DMAP, a linear
polystyrene containing DMAP, and a crosslinked polystyrene containing DMAP were each
contained within the optimal shell thickness and compared as catalysts for an acylation reaction.
Free floating DMAP was found to be the best catalyst for this acylation reaction. The catalytic
effectiveness of DMAP was reduced as it was tethered into a linear polymer chain. The
conversion of the reaction was further reduced as the catalyst was tethered into a crosslinked
polymer.2 Also, because of the hydrophobic nature of the polyurethane shell, the reaction could
not be run in water. The isocyanate used to create polyurethanes is very reactive to polar
hydrogens and would react with water, releasing carbon dioxide. This process of immobilizing
DMAP uses non-aqueous solvent, but the catalyst spheres can be recovered and reused.

Figure 3: Reaction scheme for the creation of a polyurethane shell around a DMAP containing
polymer.
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Figure 4: Polyurethane shells polymerized around DMAP containing catalyst.2
An alternative to total encapsulation is the use of dendritic polymers. Dendritic polymers
have long alkyl chains radiating outward from an interior molecule or chain. A typical structure
for this type of molecule is shown in Figure 5. The dendritic systems can also be made with a
catalyst, such as DMAP, tethered in the interior of the molecule. Its use as a catalyst in this
structure relies on sterically generated nano-scale hydrophobic pockets in the interior of the
structure from the three dimensional conformation of the long polymer chains extending,
moving, and bending around the catalytic core of the molecule.3,4 This type of system showed an
improvement in catalytic activity for an acylation reaction that forms linalyl pivalate from
linalool and pivalic anhydride, when compared to the unbound DMAP catalyst. The dendritic
systems containing DMAP showed a dependence on the level of sterics around the core. 3,4 If the
chains surrounding the core were in too high of a concentration, they created a good nano-scale
hydrophobic pocket, but they prevented substrate from entering into them and the product of the
catalyzed reaction from leaving the hydrophobic pocket. This dendritic system, like the shell
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system above, contains hydrophobic pockets where a reaction catalyzed by DMAP can occur,
but the reaction had to be run in a non-polar solvent in order to keep the long alkyl chains of the
dendrimer dissolved. Another disadvantage of this system is that dendrimers are often time
consuming and expensive to synthesize.

Figure 5: A dendrimer containing DMAP-based catalyst in the interior region.3
Another approach to tether DMAP into a polymer chain for use as a catalyst was one
where the individual polymer chains were prone to self-assemble into micelles, shown in Figure
6. DMAP was grafted into a standard free radical generated polymer. In an aqueous system, the
polymer chains formed micelles, placing the DMAP functionality in the interior of the micelle
for alkylation or other organic reactions to be catalyzed.5 This aqueous system showed vastly
improved DMAP catalyst activity as reaction yields were higher and reaction times were shorter
compared with free floating DMAP, as shown in Table 1.5 However, a major drawback of this
system, like the dendritic system mentioned above, was that the nano-scale hydrophobic pocket
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created tends to get filled with product that renders the catalyst inactive, as new substrate has
difficulty in entering the hydrophobic interiors.

Figure 6: Three dimensional representation of a micelle.5
Table 1: Percent conversion of acylation reaction by DMAP containing polymer chains prone to
micelle self-assembly.
% Reaction Conversion
Experiment

Catalyst

Solvent

Micelle Formation 15 Minutes

24 Hours

1

DMAP

Water

No

2

8

2

DMAP

THF

No

13

87

3

DMAP

Hexane

No

85

86

4

DMAP

None

No

58

96

5

DMAP

Water

Yes

0

3

6

Polymer-tethered DMAP

Water

Yes

94

98

7

Polymer-tethered DMAP

THF

No

2

60
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1.3.

Polymerization Overview
As future efforts to immobilize DMAP as a reusable catalyst will likely involve the use of

its attachment to polymers, a brief review of polymer chemistry is in order. A polymer is a large
molecule made from many smaller repeating subunits, called monomers, which are covalently
linked together. When two monomers link together, a dimer is formed. As this dimer adds
another monomer unit into the structure, a trimer is formed. A molecule with several repeat units
up to approximately 100 units is given the designation of an oligomer. Molecules with more than
100 repeat units in the structure can be referred to as true polymers.6
Although polymers are composed of monomers, the behavior of polymers and monomers
are drastically different. Styrene, a commonly used monomer, is a carcinogen and very
hazardous; however, polystyrene has been used as a safe material in coolers and consumer
drinkware for decades. A monomer may easily be solvated, but a polymer may be such a large
molecule that it may not dissolve into a solution.
Polymers can have a large range of applications depending on their composition, degree
of branching, size, molecular weight distribution, and method of polymerization.6 A polymer
made from only one species of repeat unit (monomer) is called a homopolymer. A polymer with
two or more species of repeat units is called a copolymer. The repeat units can assemble into the
polymer chain in a random sequence, a perfectly alternating sequence, or distinct polymer
blocks, shown in Figure 7 where R and R’ are the continuations of the polymer chain. Two
polymers may have the exact same chemical composition but may have drastically different
properties depending on how the individual monomers are arranged in the polymer chain.

8

Random Architecture:

Alternating Architecture:

Block Architecture:

Figure 7: Types of copolymer architectures.
1.4.

Polymer Synthesis
There are two types of polymerization: step-growth polymerization and chain-growth

polymerization.6 Step-growth systems are formed from the reactions that occur between
complementary functional groups, but very few organic reactions have a high enough conversion
rate to form true polymers (greater than 99% conversion needed). Chain-growth systems are
much more versatile, have high conversions, and have a higher selection of monomers for use, so
they will be discussed further.
Free radical polymers are a type of chain-growth polymers formed through radical
propagation. The entire process for chain growth polymer formation is shown in Figure 8. A
material with a weak chemical bond, typically an azo or peroxide compound, is used as an
initiator. Heat or light is used to break this unstable bond, generating two radical species. Each
9

radical can attack a double bond in a monomer species, forming a bond between the initiator and
a carbon of the monomer and generating a new radical species on the other carbon of the double
bond of the monomer. This new radical species will continue adding monomer units (and
forming new radicals) into its structure, one at a time. This growing chain will continue
propagation until the radicals at two growing chains come into contact with each other and form
a new chemical bond (combination) or the radical abstracts a hydrogen from another chain
(possibly its own chain) and terminates with an alkene and alkane formed (disproportionation).
Radicals may also be transferred to other species in the reaction mixture such as monomers and
solvents. This transfer does not stop polymerization from occurring, but it starts the
polymerization of a new chain and stops the chain that previously had the radical from
propagating.

10

Figure 8: Free radical polymerization.
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The decomposition of initiator molecules forms two reactive free radicals, but all of the
initiator molecules do not decompose to form these radical pairs at the same time. Because all
initiator formation does not occur at the same time, each individual radical may attack a
monomer double bond at a different time. This means that individual polymer chains start
growing at different times. As each growing polymer chain becomes larger, it is more locked in
place due to its larger size and has less of a probability of coming into contact with another
growing polymer chain. Thus, monomer addition becomes more favorable over termination by
combination. Because initiation, propagation, termination, and chain transfer are all occurring
randomly and at different times in a polymerization, many different sizes of polymer chains are
formed.
1.5.

Molecular Weight Distributions
Due to the randomness of events during the polymerization process, a typical Gaussian

distribution of polymer chains is formed. Because of this distribution of chains, simply calling
the products of a styrene polymerization reaction “polystyrene,” for example, is not descriptive
enough. There are several ways to describe a polymeric distribution, but the most common terms
used are weight average molecular weight (Mw) and number average molecular weight (Mn),
defined in Figure 9.

Figure 9: Formulas for the determination of the molecular weight distributions, M n and Mw.7
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In Figure 9’s equations, i is the fraction of the total polymer distribution, Ni is the number
of molecules of a fraction, and Mi is the molecular weight of a fraction. Mw will always be equal
to or larger than Mn. A ratio of Mw/Mn also gives rise to a new term, called the polydispersity
index (PDI). This ratio describes how wide the distribution of chain lengths are. If Mw and Mn
are equal, then the PDI will be equal to one, indicating that all of the polymer chains are of the
same length. Mw will always be larger than Mn, so PDI will be equal to or greater than one. A
large distribution of chain lengths will have a much larger PDI.
1.6.

Block Copolymers and Applications
Block copolymers have a very special polymer architecture.6 They consist of a long

section, or block, of a polymer composed of one monomer connected to another long section of a
completely different monomer from the first. This creates two regions of differing chemical
properties. Typically, there is a hydrophobicity difference between the two blocks of the
polymer. This difference allows for unique chemical applications such as surfactants in
waterborne systems. The hydrophilic block tends to be oriented toward water, while the
hydrophobic block will be oriented away from water. If enough block copolymers are placed into
water, the most energetically favorable event is micelle formation. All of the polymer chains
align side-by-side to form a spherical structure, but the chains are not bonded together. All of the
hydrophobic blocks will be in the interior of the spherical structure. Because of this, even though
the overall environment is water and very polar, there are hydrophobic environments contained
within it.
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1.7.

Controlled Free Radical Polymerization
An issue with conventional free radical polymerization is that the polydispersity can be

very large. This creates a problem because smaller chains are more mobile than larger chains. In
general, if all of the polymer chains were the same size and shape, a more efficient packing of
the polymer chains would result. In particular, if using a block copolymer capable of micelle
formation, regular chains of equal chain lengths would result in a more regular micelle.
RAFT (Reversible-Addition Fragmentation chain Transfer) polymerization is one method
of free radical polymerization that significantly lowers the polydispersity of a polymerization,
shown in Figure 10.8 It is a method that does not involve a metal catalyst, is very compatible
with multiple monomer types, and uses reagents that are commercially available.

Figure 10: Comparison of RAFT polymerization to traditional radical polymerization.9
RAFT polymerization begins exactly as conventional free radical polymerization. An
initiator decomposes to form radical species that may start a polymerization, shown in step i of
Figure 11. At some point in the reaction, the radical species will come into contact with the
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RAFT chain transfer agent, typically a dithioester 1 or dithiocarbonate. A radical-sulfur bond is
formed at the double bonded sulfur site to give the radical RAFT-adduct 2. The chain transfer
agents are designed such that the alkyl chain is prone to homolytic cleavage. Upon cleavage, an
alkyl radical is produced that is free to propagate (step iii of Figure 11). This growing polymer
chain will again come into contact with a RAFT agent and reform a new radical RAFT adduct 4.
The alkyl chain on the other sulfur undergoes homolytic cleavage, producing a new alkyl radical
that is free to propagate. This process will keep repeating, switching the growing polymer from
an active to an inactive state, and vice versa. There may be as many as 50 or more cycles from an
active to inactive state before one monomer is inserted into the growing chain. All of the chains
start growing at the same time and at the same rate, leading to all of the polymer chains being
approximately the same length. This leads to a very low polydispersity from polymers made in a
RAFT polymerization process.

15

Figure 11: Mechanism for RAFT polymerization.10
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1.8.

Summary and Current Challenges
The approach of O’Reilly et al.5 using the self-assembly of polymer-bound DMAP

analogs seems promising. The use of functionalized micelles allows for DMAP, which is fairly
inactive in a hydrophilic environment, to catalyze reactions in water and eliminates the need for
organic solvents to be used; however, the efficiency of this approach is limited by the tendency
of the product molecules to block the approach of starting materials to the catalytic sites.
Previous research in our group has shown that block copolymer systems can be
selectively driven into a micellar state if the composition of the polymer and the polarity of the
solvent are properly matched.11 Block copolymers containing hydrophobic and hydrophilic
blocks were synthesized. When the hydrophobic block contained rigid monomers, the polymer
system was prone to micelle formation in solvent mixtures of dioxane and water as the fraction
of water was increased; the micelle formation could then be reversed by heating the system, The
rigidity of the hydrophilic block had comparatively little effect on the tendency towards micelle
formation.11
If a DMAP analog were attached to these reversibly micelle-forming polymers, the
resulting catalyst systems could be used repeatedly by trapping the reagents within the micelle,
allowing the catalyzed reactions to occur, and then heating the system to disrupt the micelles and
release the products. The final products could thus be easily separated from the catalystcontaining micelles, avoiding the saturation issues observed by O’Reilly et al.5

17

Chapter 2: Research Summary
2.1. Research Focus
My research addressed these issues by designing a polymer tethered DMAP system and
attempting to control its reversible self-assembly to micelles. RAFT polymerization was to be
used to create equal length polymer chains for greater packing efficiency during micelle selfassembly. The theory was that synthesizing a system that contains the DMAP catalyst within a
rigid hydrophobic block covalently bonded to a hydrophilic chain would create a reversibly selfassembling system and that heating the system would allow micelle dissolution and release of
product, thus avoiding issues with micelle saturation. Cooling the micelle would then allow the
micelle to reform and catalysis could start anew. Advantages of this proposal include creating a
waterborne system that would minimize the use of organic solvents for catalyzed reactions,
isolating DMAP for health concerns, and developing a recyclable catalytic system.
2.2. Results and Discussion
The first step in executing the research plan was to tether a DMAP-based catalyst to a
polymerizable monomer. To this end, we treated 2-chloroethanol with 4-methylaminopyridine to
create an aminopyridyl alcohol. This molecule would then be coupled with methacrylic acid to
create a new monomer with DMAP functionality and compatible with RAFT polymerization
(Scheme 1). This new monomer would then be polymerized with hydrophobic monomers using
RAFT polymerization to create a hydrophobic block with controlled chain length. These
hydrophobic blocks would then be polymerized with hydrophilic monomers to create a diblock
copolymer. Once the diblock copolymer was created, it would be put into water to see if micelle
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self-assembly was possible and whether micelle formation could be controlled by changing the
temperature. If this were the case, an acylation reaction would be run in with water as solvent
inside the waterborne polymer micelle.

Reaction Scheme 1: Proposed two-step reaction to create a free radical polymerizable monomer
with DMAP functionality.
Multiple attempts were made at making a hydroxylated DMAP analog. The first reaction
attempted was a substitution reaction of 2-chloroethanol and 4-methylaminopyridine, using
sodium hydride to deprotonate the amine as shown in Reaction Scheme 2. Although a white solid
was formed during the reaction, it did not appear to be the desired product and no yield was
calculated. The signal for the proton on the nitrogen atom on MMAP disappeared in the 1H NMR
spectrum, but the pair of doublets from the two methylene groups of the alcohol did not shift as
would be expected in the desired product. Still believing that the methodology was promising
and a substitution reaction would work, this route was pursued further.
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Reaction Scheme 2: Reaction of 2-chloroethanol with 4-methylaminopyridine.
The goal of step 1 of reaction scheme 1 was to make sure that the reaction occurred only
between the deprotonated 4-methylaminopyridine and the halogenated side of the
2-chloroethanol. To encourage this reaction, sodium iodide was added to the reaction mixture to
replace the chlorine atom in 2-chloroethanol with an iodine atom, as shown in Reaction Scheme
3. The larger size of the iodine atom makes it a much better leaving group than the chlorine, as
the orbital overlap is lessened between the carbon and the iodine. After performing this reaction
at room temperature, only starting materials were observed in the 1H NMR. The reaction was
repeated with microwave heating, as shown in Reaction Scheme 4. A brown reaction mixture
was formed, but none of the peaks in the NMR mixture were consistent with the desired product.
The NMR spectrum was too complex to be accurately analyzed.

Reaction Scheme 3: Reaction of 2-chloroethanol with 4-methylaminopyridine with sodium
hydride.
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Reaction Scheme 4: Reaction of 2-chloroethanol with 4-methylaminopyridine with sodium
hydride conducted via microwave heating.

We were unable to form the desired product of Reaction Scheme 1 using the substitution
reactions in Reaction Schemes 1–4, possibly because side reactions occurred at the alcohol
functional group of the 2-chloroethanol. In an effort to eliminate reactions from occurring with
the alcohol group of the 2-chloroethanol, a protecting agent, TBDMSCl, was used as shown in
Reaction Scheme 5. This eliminated any reactions from occurring at the site of the alcohol.
Signals consistent with the desired protection product were observed in the 1H NMR spectrum,
but a reaction yield was not recorded. The subsequent reaction of the protected alcohol with the
monomethylaminopyridine provided a complex mixture of starting materials and products whose
structures could not be elucidated by 1H-NMR. This route was ultimately not feasible for
creating a usable amount of material.

Reaction Scheme 5: Two-step reaction process to produce protected alcohol with DMAP
functionality.
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Even though making an alcohol-substituted DMAP molecule was unsuccessful using a
direct substitution route, the overall synthesis of a monomer with DMAP functionality would be
a two part process, and the success of the second step would be independent from the first. Step 2
of Reaction Scheme 1, the coupling a polymerizable monomer with an alcohol was investigated,
as shown in Reaction Scheme 6. The carbodiimide-mediated coupling of acrylic acid and 2chloroethanol was successful as determined by 1H NMR as shown by a change in the chemical
shift of the two methylene triplets, with 33% yield of the crude product mixture. Unfortunately,
attempts at separating the coupling agent from the product by column chromatography were
unsuccessful.

Reaction Scheme 6: Proposed reaction product of reacting acrylic acid with 2-chloroethanol
with a carbodiimide catalyst.
Given the difficulties encountered in the attempted synthesis of a DMAP-tethered
acrylate monomer, another route was considered which could produce a polymerizable DMAPcontaining monomer in usable yield. 3-Isopropenyl-α,α-dimethylbenzyl isocyanate (m-TMI) is a
free radical polymerizable monomer that has an isocyanate group. This isocyanate group reacts
readily with nucleophiles, such as secondary amines. m-TMI was reacted with 4methylaminopyridine. This reaction, shown in Reaction Scheme 7, was successful as confirmed
in the 1H NMR spectra shown in Figure 12; product was obtained after purification through a
silica gel column with acetone as the carrier solvent with a 42% yield. The pyridine aromatic
peaks shifted relative to the starting material, and there was also a loss of the peak associated
22

with the hydrogen attached to the nitrogen atom. This is a one-step method to form a
polymerizable monomer with a DMAP molecule attached.

Reaction Scheme 7: Synthetic route for preparation of a polymerizable monomer with DMAPlike functionality.

Figure 12: 1H-NMR spectra of product of reaction of m-TMI and 4-methylaminopyridine
m-TMI (top), 4-methylaminopyridine (middle), and the product of their reaction (bottom).
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Copolymerization of the m-TMI-DMAP monomer with methyl-methacrylate was
attempted in toluene with AIBN as an initiator at 80 °C. The 1H NMR spectrum of the reaction
mixture showed only unreacted monomers. Upon precipitation of the reaction mixture, only the
m-TMI-DMAP monomer was recovered, indicating no polymerization occurred, as shown below
in Reaction Scheme 8.

Reaction Scheme 8: Attempted polymerization of DMAP functionalized monomer with
methyl methacrylate in solvent.
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Chapter 3: Conclusions and Future Work
A one-step reaction to create a new monomer containing DMAP functionality was
outlined. The reaction to synthesize the monomer had fairly high yields and purification was
simple. Although the monomer was fairly straightforward to prepare, its use and application have
not been investigated as its copolymerization with methyl methacrylate did not readily proceed.
Future experiments should include polymerizing this new monomer into a rigid
hydrophobic polymer segment and polymerizing this block with a hydrophilic block. Behavior of
this block copolymer should be studied to see if micelle self-assembly is possible. If it is, an
acylation reaction should be studied with this block co-polymer compared to free floating
DMAP. The electronic configuration of the DMAP in this monomer is different when compared
to DMAP, so reaction conversion and rates should be investigated.
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Chapter 4 - Experimental
4.1. Materials
Azobisisobutyronitrile (AIBN), 2-chloroethanol, 4-methylaminopyridine, sodium
hydride, sodium iodide, imidazole, t-butyl dimethyl silyl chloride (TBDMSCl), trimethylamine
(TEA), p-toluene sulfonic acid monohydrate, methacrylic acid (MAA), methyl methacrylate
(MMA), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDAC), and dimethyl
meta‐isopropenylbenzyl isocyanate (m-TMI) were purchased from Sigma Aldrich. AIBN was
recrystallized form methanol prior to use. Methyl methacrylate was run through a short column
of silica gel prior to polymerization to remove free-radical inhibitors.
4.2. Reaction Scheme 2
2-chloroethanol (0.0897 g, 0.0011 mmol) and 4-methyl amino pyridine (0.1046 g, 0.0009
mmol) were dissolved in dry THF (5 mL) in a 25 mL round bottomed flask. After dissolution,
sodium hydride (0.0230 g, 0.0010 mmol) was also added to the flask. The flask was capped and
left to mix for 24 hours, after which a cloudy white solid resulted. The complex mixture of
products obtained could not be identified by 1H-NMR.
4.3. Reaction Scheme 3
Sodium hydride (0.0512 g, 0.0021 mmol), sodium iodide (0.0539 g, 0.0004 mmol), and
4-methyl amino pyridine (0.1065 g, 0.0010 mmol) were added to a 25 mL round bottomed flask.
2-chloroethanol (0.0868 g, 0.0011 mmol) was dissolved in THF (10 mL). The contents of the
flask containing the 2-chloroethanol/THF solution were emptied into the flask containing sodium
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hydride, sodium iodide, and 4-methyl amino pyridine. The reaction was capped and left to mix
for 24 hours. The complex mixture of products obtained could not be identified by 1H-NMR.
4.4. Reaction Scheme 4
Sodium hydride (0.0501g, 0.0021 mmol), sodium iodide (0.0503 g, 0.0004 mmol), 4methyl amino pyridine (0.1062 g, 0.0010 mmol), and 2-chloroethanol (0.0834 g, 0.0011 mmol)
were added to a microwave tube with dry THF (3 mL). The reaction was sealed and left to run
for 30 minutes at 26.7°C. A brown solid resulted. The complex mixture of products obtained
could not be identified by 1H-NMR.
4.5. Reaction Scheme 5
TBDMSCl (1.0202 g, 0.0068 mol), imidazole (1.4870 g, 0.0218 mol), 2-chloroethanol
(0.5026 g, 0.0062 mol), and DMF (10 mL) were placed in a 50 mL round bottomed flask. The
flask was capped and was left to stir for 24 hours. The reaction mixture was rotovapped. The
flask was then rinsed in a separatory funnel with diethyl ether and water. The organic layer was
washed three times with water, collected, dried over magnesium sulfate, filtered and
concentrated in vacuo. This material was rotovapped and 1H NMR confirmed that the protected
alcohol was formed. 1H-NMR (CDCl3):  (ppm) 3.83 (t, J=6.3 Hz, 2H, CH2) 3.52 (t, J=6.3 Hz,
2H, CH2) 0.89 (s, 9H SiC(CH3)3) 0.07 (s, 6H, Si(CH3)2)
The protected alcohol (0.3048 g, 0.0016 mol), 4-methylaminopyridine (0.1654 g, 0.0015
mmol), sodium iodide (0.2353g, 0.0016 mol), and sodium hydride (0.055 g, 0.0023 mol) were
added to a 50 mL round bottomed flask with THF (10 mL). The reaction mixture was left to mix
under reflux conditions for 48 hours. It does appear that by 1H NMR that a complex mixture of
starting materials and unidentifiable products was formed.
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4.6. Reaction Scheme 6
2-chloroethanol (0.4304 g, 0.0053 mol), acrylic acid (0.3576 g, 0.0050 mol), and EDAC
(1.8662 g, 0.0097 mol) were placed into a 50 mL round bottom flask with dichloromethane (25
mL) and stirred for two days. The reaction mixture was rotovapped. The flask was then rinsed in
a separatory funnel with dichloromethane and water. The organic layer was washed three times
with water, collected, dried over magnesium sulfate, filtered and concentrated in vacuo. 0.222
grams of product mixture was obtained (33% yield). 1H NMR indicated that some of the
protected alcohol was formed. 1H-NMR (CDCl3):  (ppm) 6.42 (d of d, J=17 Hz 1.3 Hz, 1H,
CHH=CH) 6.12 (d of d, J=17 10.5 Hz, 1H, CHH=CH) 5.84 (d of d, J=10.5 Hz 1.3 Hz, 1H,
CHH=CH) 4.37 (t, J=6.3 Hz, 2H CO2CH2) 3.67 (t, J=6.3 Hz, 2H CH2Cl). Column
chromatography with silica gel was attempted with hexane, ethyl acetate, and methanol and no
separation was observed.
4.7. Reaction Scheme 7
4-methylaminopyridine (0.5042 g, 0.0047 mol) and m-TMI (0.8417g, 0.0042 mol) were
added to 5 mL of toluene and brought to a reflux for 24 hours. The solution was rotovapped
providing 0.543 grams of a white solid (42% yield). A 1H NMR showed that the desired product
of the 4-MAP and m-TMI was formed. 1H-NMR (CDCl3): (ppm) 8.57 (d, 2H pyridyl) 7.467.25 (m, 4H, aromatic) 7.20 (d, 2H, pyridyl) 5.33 (s, 1H, vinyl proton) 5.08 (s, 2H, vinyl proton
and urea proton), 3.26 (s, 3H, NCH3) 2.15 (s, 3H CCH2CH3) 1.701 (s, 6H, (CH3)2). The white
solid was purified with a silica column with acetone used as the carrier medium.
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4.5. Reaction Scheme 8
The m-TMI-DMAP monomer (1.5420 g, 0.0050 mol), methyl methacrylate (4.4974 g,
0.0449 mol), and AIBN (0.0162 g, 0.0001 mol) were dissolved in 5 mL of toluene in a Schlenk
flask. The solution was degassed by three freeze-pump-thaw cycles and heated to 80 °C under N2
for 24 hours. The resulting liquid was rotovapped, resulting in a pale yellow solid. This solid was
dissolved in benzene, was precipitated and reprecipitated in hexane. After drying, a white solid
resulted. The 1H NMR confirmed that the solid was the m-TMI-DMAP monomer only.
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